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(54) Chip sized semiconductor device and a process for making it 



(57) A process for making a chip sized semiconduc- 
tor device (30) : in which a semiconductor chip (32) is 
prepared so as to have electrodes on one surfaces 
thereof and an electrically insulating passivation film 
(34) formed on the one surface except for areas where 
the electrodes (36) exist. An insulation sheet (38) is pre- 
pared so as to have first and second surfaces and a me- 
tallic film (60) coated on the first surface. The second 
surface of the insulation sheet (38) is adhered on the 
semiconductor chip (32). First via-holes (39) are provid- 
ed in the metallic film (40) at positions corresponding to 
the electrodes (36). Second via-holes (39) are provided 



in the insulation sheet (38) at positions corresponding 
to the first via-holes (39) so that the electrodes (36) are 
exposed. The metallic film (40) is electrically connected 
to the electrodes (36) of the semiconductor chip (32) 
through the first and second via-holes (39). A circuit pat- 
tern (40) is formed from the metallic film so that the cir- 
cuit pattern (40) has external terminal connecting por- 
tions (43). An insulation film (42) is adhered on the in- 
sulation sheet (38) so that the external terminal connect- 
ing portions (43) are exposed. External connecting ter- 
minals (46) are electrically connected to the external ter- 
minal connecting portions (43) of the circuit pattern (40). 
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The present invention relates to a semiconductor 
_ device and.a-process-for-makingthe-same-MoTeW- 
ticularly. this invention relates to a chip size semicon- s 
ductor dev.ce having substantially the same dimensions 
as a semiconductor chip, such as an LSI chip. 

There has been a demand for miniaturizing a sem- 
iconductor device on which a semiconductor chip is 
mounted for the purpose of . increasing the mounting w 
density thereof. The miniaturization of the semiconduc- 
tor device means the miniaturization of a package in 
wh.ch the chip is sealed. To satisfy such a demand a 
chip size package or chip scale package (CSP) has re- 
cently been developed. 1S 

There are various types of CSPs, one of which is 
illustrated in Figs. 33 and 34. 

Reference numerals 10 and 12 denote a semicon- 
ductor chip and a ceramic substrate, respectively. The 
ceramic substrate 1 2 is shaped so as to have substan- 20 
Daily the same size as the semiconductor chip 10 Circuit 
patterns 14 are formed on the ceramic substrate 1 2 and 
connected to lands (external terminals) 18 provided at 
predetermined positions on the lower side of the ceram- 
ic substrate 1 2 through via-holes 1 6. The semiconductor zs 
chip 10 is connected to the circuit pattern 14 via gold 
(Au) bumps 20 and silver-palladium (AgPd) pastes 22 
and a gap between the semiconductor chip 10 and the 
ceramic substrate 12 is sealed with a resin 24. 

According to the above-mentioned chip-size semi- 30 
conductor device known in the prior art, although it is 
possible to achieve the miniaturization, the production 
cost increases because the ceramic substrate 10 and 
Au bumps 20 are used. 

Accordingly, the present invention has been made ss 
to solve the above problems, and an object thereof is to 
prov.de a chip sized semiconductor device which has a 
simple structure to be easily produced at low cost 

According to a first aspect of the present invention 
a process for making a chip sized semiconductor de- to 
vice, comprises the steps of: 



electrodes oWe semiconductor chip through sak/ 
first and second via-holes; 

partially removing_said_metallic film-to-form-a-pre- 
determined circuit pattern so that said circuit pattern 
has at least external terminal connecting portions- ' 
coating said insulation sheet to form an insulation 
layer thereon so that said external terminal connect- 
ing portions are exposed; and 
electrically connecting external connection termi- 
nals to said external terminal connecting portions of 
the circuit pattern. 

It is preferable that the semiconductor chip prepar- 
ing step further comprises the step of. 

providing a protective film overlying the one sur- 
face of the semiconductor chip, the protective film hav- 
mg such an effect to prevent an ultraviolet beam from 
penetrating therethrough toward the semiconductor 
chip in a later steps. 

According to another aspect of the present inven- 
tion, a chip sized semiconductor device comprises: 

a semiconductor chip having electrodes on one sur- 
face and an electrically insulating passivation film 
formed on said one surface except for areas where 
said electrodes exist; 

a first insulation film made of a photosensitive 
resin and overlying said one surface of the semi- 
conductor chip so that said electrodes are exposed- 
a circuit partem formed on said first insulation film 
so that said circuit pattern has first portions electri- 
cally connected to said electrodes of the semicon- 
ductor chip and second portions; 
a second insulation film formed on said circuit pat- 
tern so that said second portions of the circuit pat- 
tern are exposed; and 

external connecting terminals electrically connect- 
ed to said second portions of the circuit pattern. 



preparing a semiconductor chip having electrodes 
on at least one surface and an electrically insulating 
passivation film formed on said one surface except «s 
for areas where said electrodes exist: 
preparing an insulation sheet having first and sec- 
ond surfaces and a metallic film coated onto said 
first surface; 

adhering said second surface of the insulation so 
sheet onto said semiconductor chip overlying said 
one surface; 

providing first via-holes in said metallic film at posi- 
tions corresponding to said electrodes; 
providing second via-holes in said insulation sheet ss 
at positions corresponding to said first via-holes so 
that said electrodes are exposed; 
electrically connecting said metallic film to said 



Preferably a chip sized semiconductor device com- 
prises a plurality of semiconductor devices in accord- 
ance with the invention arranged side by side and shar- 
ing a common first and second insulation film 

According to a further aspect of the present inven- 
tion a process for making a chip sized semiconductor 
device comprises the following steps: 

preparing a semiconductor chip having electrodes 
on one surface and an electricalV insulating passi- 
vation film formed on said one surface except for 
areas where said electrodes exist; 
coating a first photo-sensitive resist on said semi- 
conductor chip overlying said one surface, 
conducting optical exposure and development on 
said first photo-sensitive resist to provide first via- 
holes at positions corresponding to said electrodes 
to form a first insulation film from said first photo- 
sensitive resist; 
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forming a metallic filrn^n said first insulation film 
including said first via-holes; 
etching said metallic film to form a circuit pattern 
which is electrically connected to said electrodes 
through said first via-hol s; 5 
coating a second photo-sensitive resist on said first 
insulation film and circuit pattern; 
conducting optical exposure and development on 
said second photo-sensitive resist to provide a sec- 
ond insulation film having second via-holes so that 10 
at least portions of said circuit pattern are exposed 
through said second via-holes; and 
electrically connecting external connecting termi- 
nals to said portions of said circuit pattern through 
said second via-holes. 15 



Preferred embodiments of semiconductor devices 
in accordance with this invention will now be described 
and contrasted with the prior art with reference to the 
accompanying drawings; in which: - 
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Figure 1 is a partial cross-sectionai view of a sem- 
iconductor device according to a first embodiment 
of the present invention; 

Figures 2 through 7 are partial cross-sectional 
views illustrating respective steps of a process for 
making a semiconductor device as shown in Fig. 1 : 
Figure 8 is a plan view illustrating an example of an 
arrangement of external connecting terminals in the 
first embodiment shown in Fig. 1; 
Figures 9 through 19 are partial cross-sectional 
views illustrating respective steps of a process for 
making a semiconductor device according to a sec- 
ond embodiment of the present invention; 
Figures 20 through 22 are partial cross-sectional 
views illustrating respective steps for forming lands 
in the second embodiment; 

Figure 23 is a cross-sectional view of a semicon- 
ductor device according to a third embodiment of 
the present invention; 40 
Figure 24 is a diagram illustrating a process for 
making a semiconductor device as shown in Fig. 
23; 

Figure 25 is a cross-sectionai view of a semicon- 
ductor device according to a fourth embodiment of 4 5 
the present invention; 

Figures 26 through 32 are partial cross-sectional 
views illustrating respective steps of a process for 
making a semiconductor device according to the 
third or fourth embodiment of this invention; and 50 
Figures 33 and 34 are cross-sectional and partial 
enlarged views of a semiconductor device conven- 
tionally known in the prior art. 

Hereinafter, the same or corresponding parts or ss 
portions are referred by the same or corresponding ref- 
erence marks or numerals throughout the several em- 
bodiments. 



Fig. 1 shd!f5 a side cross-sectional view of a sem- 
iconductor device 30 according to a first embodiment of 
the present invention, wherein reference numeral 32 de- 
notes a s miconductor chip; 34 a passivation film 
formed of Si0 2 or the like to cover a surface of the sem- 
. iconductor chip; and 36 an Al pad (pad section) which 
is a built-in electrode in the semiconductor chip 32. The 
passivation film 34 is not formed in an area where the 
Al pad 36 exists and is exposed. A plurality of Al pads 
36 are formed on the semiconductor chip 32 in a prede- 
termined pattern. 

An insulation sheet 38, made of as mentioned, such 
as acrylic resin, is arranged to seal and cover the pas- 
sivation film 34 of the semiconductor chip 34 by the ap- 
plication of pressure and heat. The insulation sheet 38 
is provided with via-holes 39 at positions corresponding 
to the Al pads 36, which are therefore exposed. 

Circuit patterns 40 are formed along a predeter- 
mined pattern on the insulation sheet 38. The circuit pat- 
tern 40 is electrically connected to the Al pads 36 
through the inner walls of the via holes 39 of the insula- 
tion sheet 38 and via-holes of the passivation film 34. 

The circuit pattern 40 is formed by adhering a me- 
tallic layer on the insulation sheet 38 etching the layer 
in conformity with a predetermined configuration, as 
mentioned later. 

The electrical connection between the circuit pat- 
tern 40 and the Al pads 36 can be effected by filling the 
via-holes 39 with conductive paste (not shown in the 
drawings). 

An electro-insulation layer 42 is formed to cover the 
insulation sheet 38 and the circuit patterns 40. The elec- 
tro-insulation layer 42 is a protective film for the circuit 
patterns 40, and may be formed of various materials, 
such as a photosensitive solder resist. 

Via-holes 44 are provided in a matrix manner at suit- 
able positions on the electro-insulation layer 42, corre- 
sponding to the respective circuit patterns 40. Portions 
of the circuit pattern 40 exposed outside through the via- 
hole 44 form the contacts 43 to which external terminals 
are to be connected. 

A bump 46 provides an external terminal which is 
electrically connected with the respective contact 43 via 
the via-hole 44 and bulges out from the insulation layer 
42. 

The bump 46 is not restricted to a sphere-shaped 
solder ball as illustrated in Fig. 1 , but may be of any suit- 
able shape, such as, a flat land shape or other. 

A protective film 48 covers the side walls of the sem- 
iconductor chip 32, the passivation film 34 and the insu- 
lation sheet 38 for the purpose of inhibiting moisture in- 
vasion through the boundaries between the respective 
layers. Such a protective film 48 can be formed of any 
suitable resist resin, but is not indispensable to the 
present invention. Also, a metallic frame (not shown) 
may also be fixed to the semiconductor device instead 
of the protective film 48. 

According to the above structure as mentioned with 



reference to the first embodime^k is possible to obtain 
a semiconductor device 30 hSving substantially the 
same size as the semiconductor chip 32. 

Since it is possible ta red uc the thickness of the 
insulation sheet 38 and the insulation film 42, which are 5 
used as interposers, it is also possible to obtain a thin- 
size semiconductor device 30. 

Since the hardness of the insulation sheet 38 and 
the insulation film 42 is not so high, they can function as 
shock-absorbing layers for protecting the surface of the w 
semiconductor chip 32. 

In this regard, the opposite surface of the semicon- 
ductor chip 32 is preferably exposed outside to enhance 
the heat-radiation. To further enhance the heat-radia- 
tion, a heat sink or a heat spreader (not shown) may be J5 
fixed thereon. 

Figs. 2 to 7 illustrate a process for producing a sem- 
iconductor device 30 as shown in Fig. 1 . 

First, as shown in Fig. 2, a metallic layer 40a such 
as a copper foil is adhered onto an insulation sheet 38. 20 
Alternatively, a metallic layer may be formed on an in- 
sulation sheet 38 by a known vapor deposition process 
or the like. The insulation sheet 38 is provided on the 
first surface thereof with the metallic layer 40a and is 
overlapped at its second surface by heat pressing on a 2s 
passivation film 34 of a semiconductor chip 32 to cover 
the passivation film 34 and the Al pads 36. 

Then, a photo-resist is coated on the metallic layer 
40a and a predetermined pattern is formed by a known 
photolithographic process. The metallic layer 40a is 30 
then etched, so that the metallic layer 40a is formed with 
a plurality of holes 40b at positions corresponding to the 
Al pads 36, as shown in Fig. 3. 

Then, as shown in Fig. 4, an etching process is con- 
ducted by using the metallic layer 40a as a masking, so 3S 
that the insulation sheet 38 is formed with a plurality of 
via-holes 39 at positions corresponding to the holes 40b 
of the metallic layer 40a. The Al pads 36 are thus ex- 
posed. 

Then, as shown in Fig. 5, a metallic layer 41, such 40 
as a copper layer, is formed by electroplating or electro- 
lessplating on the inner walls of the holes 40b, the via- 
holes 39 and the holes of the passivation film 34 and on 
the surfaces of the Al pads 36. The metallic layer 41 can 
also be formed by a physical process, such as vSpor 45 
deposition by a sputtering process. 

Then, a photo-resist is coated on the metallic layer 
40a and a predetermined pattern is formed by a known 
photolithographic process. The metallic layer 40a is 
then etched, so that a predetermined circuit pattern 40 so 
is thus obtained, as shown in Fig. 6. 

Then, a photo-resist is coated on the insulation 
sheet 38 to cover the circuit pattern 40 to form an insu- 
lation film 42, on which an optical exposure and devel- 
opment are conducted, so that portions of the photo-re- ss 
stst film which correspond to the above-mentioned ex- 
ternal terminal connecting portions 43 of the circuit pat- 
tern 40 are removed, so that the circuit pattern 40 are 
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exposed at these^^tions as shown in Fig. 7. 

Solder balls 46 (i.e., external connecting terminals) 
are arranged on the external terminal connecting por- 
tions 43 and-fixed-onto the circu it pattern 40 through a 
reflow process. Alternatively, external terminal pins (not 
shown) can also be fixed to the terminal connecting por- 
tions 43 in place of the solder balls 46. 

A semiconductor device 30 according to the first 
embodiment of this invention is now completed as stat- 
ed above. If necessary, a resist may be coated on side 
walls of the semiconductor device 30 and dried to form 
a protective film 48 for covering the side surfaces of the 
semiconductor device 30. 

Fig. 8 is a plan view illustrating an example of an 
arrangement of external connecting terminals 46 of the 
semiconductor device 30. 

In the above-mentioned first embodiment, a hole 
forming step shown in Fig. 3 and a pattern forming step 
shown in Fig. 6 can simultaneously be conducted. In this 
case, the steps as shown in Figs. 4 and 5 are thereafter 
conducted. 

Also, in the step shown in Fig. 5, the electrical con- 
nection between the metallic layer 40a (or the circuit pat- 
tern 40) and the Al pads 36 can also be effected by filling 
the holes 39 with conductive paste in place of the plated 
metal. 

Figs. 9 to 19 illustrate another embodiment of a 
process for producing a semiconductor device. In this 
embodiment, a negative-type photo-resist is used to 
prevent the circuit formed on the semiconductor chip 
from being damaged when the insulation film 42 is 
formed by irradiation by an ultraviolet beam during the 
photolithographic process. 

Figs. 9 and 10 illustrate the most important steps in 
this embodiment, in which an ultraviolet beam shielding 
layer 50 is provided on the surface of the semiconductor 
chip 32 to shield an ultraviolet beam, used as an expo- 
sure optical source, before the insulation sheet 38 is 
heat-pressed onto the semiconductor chip 32. 

As shown in Fig. 10, to protect the region on the 
surface of the semiconductor chip 32, on which the cir- 
cuit pattern is formed, from the ultraviolet beam, the ul- 
traviolet beam shielding layer 50 is formed on the pas- 
sivation film 34, except for the region on which the Al 
pads 36 are provided. 

In order to form the ultraviolet beam shielding layer 
50, as shown in Fig. 9, a metallic film 50a is first formed 
on the passivation film 34 by a sputtering or a vapor dep- 
osition process and then a photo-resist 51 is coated 
thereon. If the photo-resist 51 is negative type, the por- 
tions corresponding to the Al pads 36 are shielded and 
then the optical exposure and the development are car- 
ried out. The photo-resist 51 on the portions correspond- 
ing to the Al pads 36 is then removed so that the metallic 
layer 50a is exposed. Then, the metallic layer 50a is 
etched and thus the ultraviolet beam shielding layer 50 
is formed on the passivation film 34 (Fig. 10). 

If photo-resist 51 is positive-type, an exposure 
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method thereof is reverse as"That of the negative-type 
photo- resist 51. 

In tHe above-mentioned photolithographic process, 
an ultraviolet beam is us d for th exposure on th pho- 
to-resist 51. However, since the metallic layer 50a is 5 
formed on the whole surface of the passivation film 34 
as an underlayer of the photo-resist 51, the ultraviolet 
beam is shielded by the metallic layer 50a whether the 
photo-resist 51 is positive-type or negative-type and 
therefore the circuit pattern on the semiconductor chip *0 
32 is prevented from being damaged. 

As the metallic material for the ultraviolet beam 
shielding layer 50, Cr is suitably used. Cr having a thick- 
ness of 0.1 jim is sufficiently to stop the ultraviolet beam. 
In place of Cr, a metallic layer of Cu may also be used. *5 
otherwise, a multi-layer ultraviolet beam shielding layer 

50 consisting of Cr-Ni-cu layers can also be used. 

The production steps shown in Fig. 11 and thereaf- 
ter are the same as those of the previous embodiment. 
That is, after the above-mentioned ultraviolet beam 20 
shielding layer 50 is formed, the insulation sheet 38 on 
which the metallic layer 40a is formed on the surface of 
the semiconductor chip 32 (Fig. 11). 

Then, a photo-resist is coated on the metallic layer 
40a and a predetermined resist pattern is formed by a 25 
photolithographic process. The metallic layer 40a is 
then etched, so that a plurality of holes 40b are formed. 
In this photolithographic process, an ultraviolet beam is 
exposed on the photo-resist coated on the metallic layer 
40a. In this photolithographic process, however, since 30 
the metallic layer 50a is formed on the surface of the 
insulation sheet 38, the semiconductor chip 32 is pre- 
vented form being damaged, whichever the photo-resist 

51 is positive-type or negative-type. 

Then, an etching process is conducted by using the 35 
metallic layer 40a, having holes 40b, as a mask, so that 
the insulation sheet 38 is formed with a plurality of via- 
holes 39 at positions corresponding to the holes 40b of 
the metallic layer 40a, as shown in Fig. 1 3. 

Then, a plated layer 41 is formed by electroplating 40 
or electrolessplating on the inner walls of the holes 40b, 
the via-holes 39 and the holes of the passivation film 34 
and on the surfaces of the Al pads 36, as shown in Fig. 
14. , 

Then, a photo-resist is coated on the insulation *s 
sheet 38 to cover the circuit pattern 40 to form an insu- 
lation film 42, on which optical exposure and a develop- 
ment are conducted, so that portions of the photo-resist 
film which correspond to the above-mentioned external 
terminal connecting portions 43 of the circuit pattern 40 50 
are removed, so that the circuit pattern 40 are exposed 
at these portions, as shown in Fig. 15. In the same man- 
ner as the above, in this photolithographic process, 
since the metallic layer 50a is formed on the surface of 
the insulation sheet 36 as an underlayer, the semicon- ss 
ductor chip 32 is also prevented form being damaged, 
whether the photo-resist 51 is a positive-type or a neg- 
ative-type. 



After the circuit pattern 40 is formed as mentioned 
above, in order to form connecting portions between the 
circuit pattern 40 and the external terminals, a photo- 
resist 42a is coated as an insulation film 42 on th insu- 
lation sheet 38 to cover the circuit pattern 40. Then, an 
optical exposure and development are conducted on the 
photo-resist 42a so that the external terminal connecting 
portions 43 are exposed. 

Fig. 16 shows an optical exposure process in which 
portions corresponding to the external terminal connect- 
ing portions 43 are shielded and Fig. 17 shows the ex- 
ternal terminal connecting portions 43 exposed at posi- 
tions of the holes of the insulation film 42, after the op- 
tical exposure and development are applied. 

In Fig. 16 the photo-resist 51 for forming the insu- 
lation film 42 is negative-type. In the negative-type pho- 
to-resist 51 , the portions which are not optically exposed 
are dissolved by a developer. Therefore, the portions 
corresponding to the external terminal connecting por- 
tions 43 are shielded by a masking when the ultraviolet 
beam is exposed. 

The above-mentioned ultraviolet beam shielding 
layer 50 is effective to prevent damage to the circuit of 
the semiconductor chip 32. That is, if there was no such 
ultraviolet shielding layer 50 in this photolithographic 
process, there would be nothing to shield the respective 
patterns of the circuit pattern 40 when the. ultraviolet 
beam was irradiated. Thus, the ultraviolet beam would 
be penetrated through the photo-resist 42b, the insula- 
tion sheet 38 and the passivation film 34 and would be 
irradiated onto the circuit pattern, on the surface of the 
semiconductor chip 32, which might be damaged. 

Thus, in the former photolithographic processes, a 
metallic layer is formed as an underlayer to .shield the 
whole area to which an optical beam is applied when 
the ultraviolet beam is irradiated to the photo-resist. 
However, in this photolithographic process which is con- 
ducted after the circuit pattern 40 is formed, a problem 
due to the optical beam may occur. 

Fig. 19 shows an optical exposure method in which 
the positive-type photo-resist is formed on the insulation 
film 42. In the positive-type photo-resist, the portions 
which are optically exposed are dissolved by a develop- 
er. Therefore, as shown in Fig. 19, the portions other 
than the external terminal connecting portions 43 are 
shielded by a masking when the ultraviolet beam is ap- 
plied. After the exposure and the development, the ex- 
ternal terminal connecting portions 43 similar to those 
shown in Fig. 17 are formed. 

Thus, if a positive-type photo-resist is used, the ul- 
traviolet beam can only be irradiated to the region in 
which the circuit pattern 40 is formed as an underlayer 
and can be shielded by the circuit pattern 40. Therefore, 
even if no ultraviolet beam shielding layer is provided, 
damage to the circuit of the semiconductor chip 32 can 
be prevented. 

After the external terminal connecting portions 43 
are exposed from the insulation film 42, solder balls 46 



5 



EP 0 734 059 A2 



10 



(i.e., external connecting terminals) are arranged on the 
external terminal connecting portions 43 and fixed onto 
the circuit pattern 40 throuqh- a reflo^LpfQGess . Thus, a 
semiconductor device can be obtained as shown in Fig. 
1 8. If necessary, a resist may be coated on the side walls 
of the semiconductor device 30 and dried to form a pro- 
tective film 48 for covering the sid surfaces of th sem- 
iconductor device 30. 

In the process for producing a semiconductor de- 
vice as mentioned above with reference to Figs. 9 to 1 9, 
since an ultraviolet beam shielding layer 50 is formed 
on the passivation film 34, damage to the circuit on the 
semiconductor chip will be is prevented when the pho- 
tolithographic process is conducted using a photo-re- 
sist, particularly a negative-type photo-resist. 

Figs. 20 to 22 show a process for forming land por- 
tions on the inner walls of the insert holes 54 of the in- 
sulation film 42 for connecting the external connecting 
terminals and on the periphery of these insert holes 54 
to firmly connect the external connecting terminals 46 
to the external terminal connecting portions 43. 

In Fig. 20, a metallic layer 58, such as a copper lay- 
er, is formed on surface of the insulation film 42 and the 
inner walls of the insert holes 54 by sputtering or vapor 
a deposition process. 

Then, a photo-resist is coated on the metallic layer 
58 and by a photolithographic process the photo-resist 
is removed except for the inner walls of the insert holes 
54 and the periphery of these insert holes 54. Thus, the 
metallic layer 40a is etched to form the land portions, as 
shown in Fig. 21 . 

The land portions 60 are electrically connected to 
the external terminal connecting portions 43 at the bot- 
tom surface thereof and the inner walls of the insert 
holes 54 and the peripheries thereof are coated with a 
metallic layer. 

Fig. 22 shows the external connecting terminals 46 
connected to the lands 60. In the embodiment shown in 
Fig. 1 8, the external connecting terminals 46 is only con- 
nected to the external terminal connecting portions 60 
of the circuit pattern 40 at the bottom surface. In this 
embodiment, however, the external connecting termi- 
nals 46 are connected by means of the lands 60 and 
therefore the external connecting terminals 46 aVe firmly 
connected to the inner surfaces of the insert holes 54 
and thus also firmly connected to the semiconductor 
-chip 32. 

In the above embodiments, although a semiconduc- 
tor chip 32 formed as a single body is used, a wafer in 
which a plurality of semiconductor chips 32 is built-in 
may be used. In this case, an insulation sheet 38, a cir- 
cuit pattern 40, an insulation film 42 and external con- 
necting terminals 46 are first formed on the wafer in the 
similar manner as described above. Thereafter, the wa- 
fer is sliced into individual pieces to simultaneously pro- 
vide a number of semiconductor device 30 at a lower 
cost. 

Fig. 23 shows a semiconductor device according to 



a third embodiment of the this invention, wherein refer-, 
ence num ral 32 d notes a semiconductor chip; 34 a 
passivation film-formed of Si0 2 or the-like to cover a sur- 
face of the semiconductor chip; and 36 an Al pad (pad 

5 section) which is a built-in electrode in the semiconduc- 
tor chip 32. The passivation film 34 is not formed in an 
area where the Al pad 36 exists and is exposed. A plu- 
rality of Al pads 36 are formed on the semiconductor 
chip 32 in a predetermined pattern. 

io A first insulation film 38 : made of a photo-resist, 
such as a photo sensitive polyimide, is to cover the pas- 
sivation film 34 of the semiconductor chip 34. Alterna- 
tively, there is no such passivation film 34 on the semi- 
conductor chip 32, but the first insulation film 38 can be 

75 formed to function also as the passivation film 34. 

Circuit patterns 40 are electrically connected to the 
Al pads 36 and formed in a predetermined pattern on 
the first insulation sheet 38. The circuit pattern 40 is 
formed by forming a metallic layer, such as Cu or Al lay- 

20 er, on the first insulation sheet 38 by a sputtering proc- 
ess and etching the metallic layer in conformity with a 
predetermined configuration, as mentioned later. The 
circuit pattern 40 can also be formed by adhering a me- 
tallic (such as Cu) layer on the first insulation sheet 38 

25 and etching the some. 

A second insulation film 42, made of a photo-solder- 
resist, such as photo sensitive polyimide, is formed to 
cover the first insulation sheet 38 and the circuit pattern 
40. 

30 Via-holes 44 are provided in a matrix manner at suit- 
able positions on the second insulation film 42, corre- 
sponding to the respective circuit patterns 40. Portions 
of the circuit pattern 40 exposed outside through the via- 
hole 44 form external terminal connecting portions 40a. 

35 Bumps 46 provide external terminals which are 
electrically connected with the respective external ter- 
minal connecting portions 40a via the via-hole 44 and 
bulge out from the second insulation film 42. 

A protective film 48 covers the side walls of the sem- 

40 iconductor chip 32, the passivation film 34 and the first 
insulation sheet 38 for the purpose of inhibiting moisture 
invasion through the boundaries between the respective 
layers. 

In the same manner as the previous embodiments, 
45 the semiconductor device 30 of this embodiment has 
substantially the same size as the semiconductor chip 
32. It is also possible to obtain a thin-size semiconductor 
device 30. Since the hardness of the first and second 
insulation sheets 38 and 42 are not high, they can func- 
50 tion as shock-absorbing layers for protecting the surface 
of the semiconductor chip 32. The opposite surface of 
the semiconductor chip 32 is preferably exposed out- 
side to enhance the heat-radiation. A heat sink or a heat 
spreader (not shown) may be fixed thereon to enhance 
55 the heat- radiation. 

Fig. 24 shows a process for making a semiconduc- 
tor device as shown in Fig. 23. First, a wafer in which a 
plurality of semiconductor chips are made is coated with 
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a photo-resist (photo-sensitive polyimide) to form a first 
insulation sheet 38. 

The photo-resist is pre -fired and then an optical ex- 
posure and development are conducted by a known 
photolithographic process so that the photo-resist at the 
positions of the Al pads 36 is removed. Then the wafer 
is fired to form the first insulation sheet 38. 

Then, a sputtering process is conducted to form a 
copper film on the first insulation sheet 38 and the Al 
pads 36 (the copper film is a conductive layer to form a 
circuit pattern and therefore it may be an aluminum lay- 
er). A copper may be further plated on the copper film 
to enhance electrical conductivity. Such a copper film 
may be formed by a vapor deposit process or any other 
process. 

Then, a photo-resist is coated on the copper film 
and a predetermined resist pattern is formed by optical 
exposure, development and firing processes. Copper 
film is then etched using the resist pattern as a masking 
to obtain a circuit pattern 40. The resist pattern is then 
removed. 

I n order to form a second insulation film 42, a photo- 
resist (photo-sensitive solder resist) is further coated on 
the first insulation film 38 and the circuit pattern 40 and 
via holes 44 are formed by optical exposure and devel- 
opment. 

Solder balls (i.e. , bumps 46) are arranged in the via- 
holes 44 and fixed onto the circuit pattern 40 through a 
reflow process. The bumps 46 can be formed by Ni and 
Au plating to obtain Ni-Au bumps. 

Thereafter, the wafer is sliced into individual pieces 
to simultaneously provide a number of semiconductor 
device 30 at a lower cost. The wafer which is made as 
mentioned above is sliced into individual pieces to form 
semiconductor devices 30. If necessary, a resist may be 
coated on the side walls of the semiconductor device 30 
and dried to form a protective film 48. 

In the above embodiment, although a photo-sensi- 
tive polyimide or a photo-sensitive solder resist is used 
as the first and second insulation films 38 and 42, any 
other suitable material, such as an epoxy resin, a sili- 
cone resin or the like can be used in addition to the poly- 
imide. Since a silicone resin has an elasticity like a rub- 
ber, it is possible to absorb the stress which might cfccur 
between the semiconductor chip and a mounting board. 

Fig. 25 shows a semiconductor device according to 
a fourth embodiment of the present invention. 

According to this embodiment, a plurality of semi- 
conductor chips 32 are mounted to a common substrate 
47, such as a heat spreader or the like. A first insulation 
sheet 38 is commonly provided on the plurality of sem- 
iconductor chips 32 in the same manner as the embod- 
iment described above. Then, circuit patterns 40 corre- 
sponding to the respective semiconductor chips 32 and 
circuit patterns 45 for connecting electrodes 36 neces- 
sary for electrically connecting adjacent semiconductor 
chips to each other are formed in the same manner as 
the embodiment described above. Thereafter, a second 
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insulation film 42 is provided to commonly cover them, 
while forming bumps 46 on respective contacts 40a for 
the connection with ext mal terminals of the respective 
circuit patterns 40. 

s That is, the plurality of semiconductor chips 32 are 

built onto a single semiconductor device 30 to form a 
multi-chip module. 

In this embodiment, the plurality of semiconductor 
chips 32 may be a combination of a micro-processor unit 

10 (MPU) and a cache memory, or a series of memories. 

According to this embodiment, since the plurality of 
semiconductor chips are mounted onto the common 
substrate and the electrodes thereof are electrically con- 
nected to each other via a circuit pattern, it is possible 

is to shorten the lengths of the wires, whereby a semicon- 
ductor device (i.e. a multi-chip module) excellent in elec- 
trical properties, such as low signal delay, is obtainable. 
In this regard, if the plurality of semiconductor chips 32 
were held by a common frame (not shown), the sub- 

20 strate 47 would be unnecessary. Otherwise, it is also 
possible to form the plurality of semiconductor chips on 
a common wafer. 

The semiconductor device according to this embod- 
iment can be produced through the same process as 

25 described above. 

Fig. 26 shows a process for making the above-men- 
tioned semiconductor device, in which land portions 50 
are provided beforehand on the inner surface of the via- 
holes 44 and the periphery thereof, before solder balls 

30 (i.e., bumps 46) are arranged in the via-holes 44 and 
fixed onto the circuit pattern 40, To form such lands 50, 
after the second insulation film 42 having via-holes 44, 
a copper is sputtered onto the surface of the insulation 
film 42 to form a metallic layer, which is then etched so 

55 as to leave the inner surface and the periphery of the 
via-hole 44 by a photolithographic process. The bottom 
of land 50 is connected to the external terminal connect- 
ing portions 40a of the circuit pattern 40 and covers the 
inner wall and the periphery of the via-hole 44. Thus, the 

40 solder ball (bump 46) can be firmly attached to the inner 
portion of the via-hole 44 as compared with a case hav- 
ing no such land 50. Therefore, the electrical connection 
between the solder ball and the circuit pattern can stably 
be attained. 

45 After the metallic layer is etched to form the lands 
50, if a protective plated layer, such as Ni or Au, is 
formed thereon, the soldar ball (bump 46) can be more 
firmly attached to the~via-hole 44. 

Fig. 27 shows a semiconductor device according to 

50 the present invention, in which a multi-layer circuit pat- 
terns are formed. In this embodiment, in addition to the 
first and second insulation films 38 and 42, a third insu- 
lation film 42 and a fourth insulation film 54 are provided. 
On the surface of the second insulation film 42, a circuit 

55 pattern 40b is provided so as to be electrically connect- 
ed to the circuit pattern 40 provided on the surface of 
the first insulation film 38. In addition on the surface of 
the third insulation film 52, a circuit pattern 40c is pro- 
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vided so as to be electrically connected to the circuit pat- Claims 
tern 40b. Th fourth insulation film 54 is provided with 
lands 50 which-are-electrica(ly-connected-to-the-GirGuit - 
. pattern 40c. Bumps 46 are connected to the lands 50. 

A method for electrically connecting the respective . s 
circuit patterns to each other is the same as the con- 
necting method between the circuit pattern 40 and the 
lands 50 as mentioned above. That is, to form an insu- 
lation film, a photo-resist, such as polyimide or epoxy 
resin, is coated and then optical exposure and develop- 10 
ment are conducted to provide via-holes at positions 
where the circuit pattern 40 is electrically connected. 
Then, a metal, such as copper, is sputtered or vapor- 
deposited onto the surface of the insulation film to form 
a metallic layer, which is then etched so as to form a is 
circuit pattern which is electrically connected to the pre- 
vious circuit pattern 40. The additional layer can be 
formed by exactly the same method. 

In the embodiment of Fig. 27, the uppermost, fourth, 
insulation film 54 is provided with lands 50 to which sol- 20 
der balls (bumps) 46 are connected. 

Fig. 28 shows a modified embodiment of a semi- 
conductor device having multi-layer circuit patterns as 
shown in Fig. 27. In this embodiment, at least one elec- 
tronic element, such as a capacitor, resister or the like, 2S 
is accommodated in the layers. The electronic element, 
such as a capacitor, can be contained in the device dur- 
ing a metallic film forming process, such as a sputtering 
process or the like. 

Fig. 29 shows a photolithographic process conduct- 30 
ed on the first insulation film 38 having no ultraviolet 
beam shielding layer. In this case, the semiconductor 
chip 32 might be damaged during the photolithographic 
process, since an ultraviolet beam would penetrate 
through thefirst insulation film 38 toward said semicon- 35 
ductor chip, particularly if a negative type photo-resist 
was used, as mentioned in detail hereinbefore. 

To prevent such a problems a protective film 60 can 
be provided on the passivation film 34 of the semicon- 
ductor chip 32 over the area except for the positions cor- 40 
responding to the Al pads 36, as shown in Fig. 30. The 
protective film 60 can stop an ultraviolet beam from pen- 
etrating through the protective film 60 to the semicon- 
ductor chip 32 in the photolithographic process? 

The protective film 60 may be Cr layer, Cu layer, or 45 
a multi-metal layer of Cr-Ni-Cu. If Cr layer is used, it is 
sufficient that the thickness of Cr is 0. 1 urn 

Fig. 31 shows a photolithographic process conduct- 
ed on the first insulation film 38 having an ultraviolet 
beam shielding layer 60. In this case, the semiconductor so 
chip 32 is not damaged during the photolithographic 
process, since an ultraviolet beam is stopped by the 
shielding protective layer 60. 

Fig. 32 shows a semiconductor device similar to 
that shown in Fig. 26 except that the ultraviolet beam ss 
shielding layer 60 is provided on the passivation film 34 
of the semiconductor chip 32. 



-A-pre<:ess-for-rmking-a-chip-sized-semiconductbT 
device (20), comprising the steps of: 

preparing a semiconductor chip (32) having 
electrodes (36) on at least one surface and an 
electrically insulating passivation film (34) 
formed on said one surface except for areas 
where said electrodes (36) exist; 
preparing an insulation sheet (38) having first 
and second surfaces and a metallic film (40a) 
coated onto said first surface; 
adhering said second surface of the insulation 
sheet (38) onto said semiconductor chip over- 
lying said one surface; 

providing first via-holes (39) in said metallic film 
(40b) at positions corresponding to said elec- 
trodes (36); 

providing second via-holes (39) in said insula- 
tion sheet (38) at positions corresponding to 
said first via-holes (39) so that said electrodes 
(36) are exposed; 

electrically connecting said metallic film (40b) 
to said electrodes (36) of the semiconductor 
chip (32) through said first and second via- 
holes (39); 

partially removing said metallic film (40b) to 
form a predetermined circuit pattern (40) so that 
said circuit pattern (40) has at least external ter- 
minal connecting portions (43); 
coating said insulation sheet (38) to form an in- 
sulation layer (42) thereon so that said external 
terminal connecting portions (43) are exposed; 
and 

electrically connecting external connection ter- 
minals (46) to said external terminal connecting 
portions (43) of the circuit pattern (40). 

A process according to claim 1 , wherein said sem- 
iconductor chip preparing step further comprising 
the following steps of: 

providing a protective film (50) such as a Cr 
metal layer, overlying said one surface of the sem- 
iconductor chip (32), said protective film (50) able 
to stop an ultraviolet beam from penetrating there- 
through to said semiconductor chip (32). 

A process according to claim 1 or 2 ( wherein said 
second via-hole (39) providing step comprises a 
step for etching said insulation sheet and/or said 
first via-hole (39) providing step and said circuit pat- 
tern forming step comprise respective etching 
steps. 

A process according to any one of the preceding 
claims, wh rein said step for electrically connecting 
said metallic film (40b) to said electrodes (36) com- 
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prises a step for plating a metal (41 ) on inner walls 
of said first and second via-hoies (39) and said elec- 
trodes (36) of the semiconductor chip (32). 

5. A chip sized semiconductor device (30) comprising: s 



a semiconductor chip (32) having electrodes 
(36) on on surface and an electrically insulat- 
ing passivation film (34) formed on said "one 
surface except for areas where said electrodes 
(36) exist; 

a first insulation film (38) made of a photosen- 
sitive resin and overlying said one surface of 
the semiconductor chip (32) so that said elec- 
trodes (36) are exposed; 
a circuit pattern (40) formed on said first insu- 
lation film (38) so that said circuit pattern (40) 
has first portions electrically connected to said 
electrodes (36) of the semiconductor chip (32) 
and second portions (43); 
a second insulation film (42) formed on said cir- 
cuit pattern (40) so that said second portions 
(43) of the circuit pattern (40) are exposed; and 
external connecting terminals (46) electrically 
connected to said second portions (42) of the 
circuit pattern (40). 
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6. A chip sized semiconductor device (30) according 
to claim 5, wherein said first insulation film (38) is 
made of a photo-sensitive polyimide and/or said 
second insulation film (42) is made of a photo-sen- 
sitive solder resist 

7. A chip sized semiconductor device (30) according 
to claim 5 or 6, further comprising a metallic protec- 
tive film (50) formed between said one surface of 
the semiconductor chip (32) and said first insulation 
film (38) to stop an ultraviolet beam from penetrat- 
ing through it towards said semiconductor chip (32). 

8. A chip sized semiconductor device (30) comprising: 

a plurality of semiconductor devices (32) ac- 
cording to claims 5, 6 or 7, arranged side by 
side and sharing a first common insulation film 
(38); and 

a second common insulation film (42). 

9. A chip sized semiconductor device (30) according 
to claim 5, 6, 7 or 8, wherein the semiconductor chip 
or chips have a peripheral side surface in addition 
to said first, upper and second lower surfaces, and 
said peripheral side surface is protected by a pro- 
tective cover or frame (48). 

10. A chip sized semiconductor device (30) according 
to claim 5, 6, 7, 8 or 9, wherein the semiconductor 
chip or chips are mounted on a heat spreader (47) 
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so that the other surface of the or each chip (32) is 
in contact with said heat spreader (47). 

11. A proc ss for making a chip sized semiconductor 
device (30), said process comprising the following 
steps: 

preparing a semiconductor chip (32) having 
electrodes (36) on one surface and an electri- 
cally insulating passivation film (34) formed on 
said one surface except for areas where said 
electrodes (36) exist; 

coating a first photo-sensitive resist on said 
semiconductor chip (32) overlying said one sur- 
face; 

conducting optical exposure and development 
on said first photo-sensitive resist to provide 
first via-holes (39) at positions corresponding 
to said electrodes (36) to form a first insulation 
film (38) from said first photo-sensitive resist; 
forming a metallic film (40) on said first insula- 
tion film (38) including said first via-holes (39); 
etching said metallic film (40a) to form a circuit 
pattern (40) which is electrically connected to 
said electrodes (36) through said first via -holes 
(39); 

coating a second photo-sensitive resist on said 
first insulation film (38) and circuit pattern (40); 
conducting optical exposure and development 
on said second photo-sensitive resist to pro- 
vide a second insulation film (42) having sec- 
ond via-holes (44) so that at least portions (43) 
of said circuit pattern (40) are exposed through 
said second via-holes (43); and 
electrically connecting external connecting ter- 
minals (46) to said portions (43) of said circuit 
pattern (40) through said second via-holes 
(43). 

12. A process according to claim 11 , wherein said proc- 
ess further comprises: 

forming a conductive layer (40b) on said sec- 
ond insulation film (42); 

etching said conductive layer to form a second 
circuit pattern (40b) which is electrically con- 
nected to said first circuit pattern (40) formed 
on said first insulation film (38) through said 
second via-holes (43) of the second insulation 
film (42); and 

coating a third photo-sensitive resist on said 
second insulation film (42) to provide a third in- 
sulation film (52), so that a multi-layer circuit 
patterns are thus formed. 
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1 3. A process according to claim 11 or 1 2, wherein said 
semiconductor chip preparing step further compris- 
es the following steps of: 
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providing a protective film (50, 60) on said 
passivation film (34) of the semiconductor chip (32) 
except for positions correspondinglo said elec- 
trodes (36), said protective film (50, 60) stopping an 
ultraviolet beam from penetrating through it towards 5 
said semiconductor chip (32). 
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